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doi:10.1016/j.pedneo.2011.11.008Background: The incidence of neonatal hyperbilirubinemia in our hospital has increased since
the implementation of breastfeeding promotion. Inadequate breastfeeding results in reduced
calorie intake, weight loss and neonatal hyperbilirubinemia. Supplementary feeding is
required if breastfeeding proves inadequate. However, the optimal weight loss cut-off value
for supplementary feeding is unknown.
Methods: We collected records for all healthy neonates with a gestational age 35 weeks and
birth body weight (BBW) above 2500 g, born between March 2002 and July 2005, from our
nursery. A total of 1979 neonates were reviewed, 874 of whom were exclusively breastfed
and subsequently enrolled in this study. Only infants who were breastfed exclusively were
enrolled; 219 of these infants (25.1%) presented significant hyperbilirubinemia after 72 hours
of age. Infants with early-onset (<48 hours) hyperbilirubinemia or any known risk factors for
neonatal hyperbilirubinemia were excluded. We analyzed the association between weight loss
percentage and hyperbilirubinemia and investigated the best weight loss percentage cut-off
value for the prediction of subsequent hyperbilirubinemia before 2 weeks of age.
Results: Neonates with lower gestational age and greater weight loss percentage were associ-
ated with hyperbilirubinemia. By using weight loss 8% of BBW after 48 hours and weight loss
11% of BBW after 72 hours as the cut-off values for the prediction of subsequent hyperbilir-
ubinemia, negative predictive values were 77.7% and 76.8%, respectively.of Pediatrics, National Taiwan University Hospital, Number 7, Chung Shan South Road, Taipei 100,
(P.-N. Tsao).
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42 R.-J. Chang et alTable 1 General characteristics
Factors
GA*
BBW (g)
Male (%)
Delivery as NSD (%)
Maximum BW loss percentage (%)*
2-d/o BW loss percentage (%)
3-d/o BW loss percentage (%)*
Data are presented as mean  SD o
BBW Z birth body weight; BW Z bo
*p < 0.05.Conclusion: This study documented the relationship between weight loss percentage and
subsequent hyperbilirubinemia incidence. Our data provide a basis for determination of an
optimal weight loss percentage cut-off value that indicates supplementary feeding.
Copyright ª 2012, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Breastfeeding is known to have advantages not only for
infants but also mothers and families.1,2 However, there is
evidence that breastfeeding is associated with increased
severe and/or early neonatal hyperbilirubinemia.3e7 The
mechanism behind this is unclear. Inadequate fluid and/or
caloric intake, decreased hepatic excretion of bilirubin and
an increase in intestinal absorption of bilirubin (enter-
ohepatic circulation) have been suggested as mecha-
nisms.5,8,9 A large-scale population study has shown that
increasedweight loss percentage insteadofbreastfeedingper
se is important in neonatal hyperbilirubinemia pathogenesis.8
Insufficient breastfeeding is not uncommon in the
nursery, particularly for first-time mothers. Neonatal
symptoms include low urine output, weight loss and
hypernatremia. A growing body of evidence indicates that
increased weight loss and/or breastfeeding are the risk
factors for significant neonatal hyperbilirubinemia.4,10e13
Supplementary feeding is usually recommended for
infants who are not sufficiently nursed. However, what
qualifies as insufficient has yet to be elucidated.
The present study investigated the best body weight
(BW) loss cut-off value at 2 and 3 days of age for prediction
of subsequent neonatal hyperbilirubinemia.
2. Materials and Methods
All neonates with a gestational age 35 weeks and birth
body weight (BBW) above 2500 g, born between March 2002
and July 2005 at National Taiwan University Hospital were
reviewed retrospectively. Those with risk factors for
developing neonatal hyperbilirubinemia, such as evidence
of hemolysis (positive Coombs’ test), glucose-6-phosphate
dehydrogenase deficiency, cephalohematoma, congenital
infection, congenital hypothyroidism, perinatal asphyxia
and major organ anomalies were excluded. Neonates withof breastfed neonates.
Hyperbilirubinemia (n Z
38.73  1.18
3254.21  384.34
116 (52.97%)
152 (69.41%)
8.96  1.99
7.66  1.54
8.62  2.12
r n (%).
dy weight; GA Z gestational ageearly-onset (i.e., <48 hours of age) neonatal hyper-
bilirubinemia were also not enrolled because we were
interested in using 2nd and 3rd day BW loss as indicators.
Medical records, including gestational age, BW, daily BW
loss over the first 3 days [(birth body weight e daily body
weight)/birth body weight  100%)] and total serum bili-
rubin before phototherapy were reviewed. All neonates
with serum bilirubin above 11 mg/dL (188.1 mmole/L) were
scheduled for routine outpatient follow-up 2 days later.
Serum microbilirubin was assessed using direct spectro-
photometry of a microhematocrit tube (Leica Unistat
bilirubinometer, Wetzlar, Germany). Significant hyper-
bilirubinemia and phototherapy criteria were defined
according to the 2004 American Academy of Pediatrics
guidelines for phototherapy.14 However, we did start pho-
totherapy for all infants whose serum bilirubin levels were
above 15 mg/dL (256.5 mmol/L).
Breastfeeding was defined as infants who were exclu-
sively breastfed without supplementation of formula at any
time before or during development of hyperbilirubinemia.
In our nursery, breastfeeding is encouraged, but supple-
mentary formula will be given if it proves inadequate, as
assessed by parents and clinicians. However, supplemen-
tary formula is routinely used if BW loss after birth is
significant (10%) unless the family refuses.
Statistical analysis was done using the independent
t test for continuous variables or c2 test for categorical
variables. Multiple logistic regression was used for identi-
fication of independent variables; a p value <0.05 was
considered statistically significant.3. Results
A total of 1979 neonates were reviewed; 310 met the
exclusion criteria and 874 neonates were exclusively
breastfed, leaving them available for inclusion in this
study. The general characteristics of exclusively breastfed219) No hyperbilirubinemia (n Z 655) p
39.07  1.16 <0.001
3231.90  331.22 0.408
317 (48.40%) 0.241
476 (72.67%) 0.352
8.48  2.13 0.002
7.44  1.66 0.069
7.97  2.24 <0.001
; NSD Z normal spontaneous delivery.
Table 3 Incidences and odds ratios for hyperbilirubinemia
in subgroups divided by different BW loss percentage for
2-day-old breastfed neonates.
BW loss
percentage
Incidence of
hyperbilirubinemia
(below vs. above)
Odds ratio
(95% CI)
p
3% 33.3% vs. 25.0% 0.67 (0.17, 2.69) 0.569
4% 18.8% vs. 25.2% 1.46 (0.41, 5.17) 0.557
5% 18.8% vs. 25.5% 1.48 (0.71, 3.11) 0.300
6% 21.5% vs. 25.8% 1.27 (0.82, 1.95) 0.282
7% 22.2% vs. 26.8% 1.28 (0.93, 1.77) 0.134
8%* 22.3% vs. 29.3% 1.45 (1.06, 1.97) 0.019
9% 24.8% vs. 26.9% 1.12 (0.74, 1.69) 0.606
10% 24.7% vs. 33.3% 1.52 (0.77, 3.02) 0.227
BW Z body weight.
*p < 0.05.
Table 4 Incidences and odds ratios for hyperbilirubinemia
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infants (25.1%) that presented significant hyperbilirubinemia
after 72 hours of age. Those who developed subsequent
hyperbilirubinemia had lower gestational ages, higher BW
loss percentage on the 2nd and 3rd days of age, and higher
maximal BW loss percentage than those without hyper-
bilirubinemia. The distribution of neonatal gender, BBW
and delivery mode were not significantly different between
these two groups (Table 1). Multiple logistic regression
demonstrated that only low gestational age and high
maximal BW loss percentage were significantly associated
with subsequent hyperbilirubinemia (Table 2).
To investigate the optimal BW loss percentage cut-off
values at 2 and 3 days of age for the prediction of subse-
quent neonatal hyperbilirubinemia, we analyzed BW loss
percentages on the 2nd and 3rd days of age separately.
Hyperbilirubinemia incidences and relative odds ratios
(OR) for developing hyperbilirubinemia were calculated
(Tables 3 and 4). Statistical analysis revealed that, on the
2nd day, neonates had significantly greater risk for devel-
oping neonatal hyperbilirubinemia if their BW loss
percentages were more than 8% [OR Z 1.45; 95% confi-
dence interval (95% CI) Z 1.06, 1.97; p Z 0.019]. For BW
loss percentage 8% on the 2nd day, the positive predictive
value (PPV) was 29.3%, whereas the negative predictive
value (NPV) was 77.7%; the sensitivity value was 46.6% and
the specificity value was 62.4%. On the 3rd day of age, BW
loss percentage between 6% and 11% was significantly
associated with subsequent neonatal hyperbilirubinemia.
As neonatal hyperbilirubinemia is rarely lethal or compli-
cated, and breast milk is the best food for neonates, we
suggest the higher BW loss percentage as the cut-off value
for prediction of subsequent hyperbilirubinemia. By using
BW loss percentage 11% at 3 days old as the cut-off value
(OR Z 2.01; 95% CI Z 1.16, 3.46; p Z 0.012), the PPV was
37.7%, the NPV was 76.8%, the sensitivity value was 11.7%
and the specificity value was 93.8%.
4. Discussion
Since our hospital implemented breastfeeding promotion,
the incidence of early neonatal hyperbilirubinemia has
increased.6 This may be explained by inadequate breast-
feeding in the nursery. Inadequate breastfeeding can causeTable 2 Multiple logistic regression analysis for hyper-
bilirubinemia in breastfed neonates.
Factors Odds ratio for
hyperbilirubinemia (95% CI)
p
GA* 0.75 (0.65, 0.87) <0.001
BBW 1 (1.000, 1.001) 0.073
Sex (male) 1.13 (0.82, 1.56) 0.444
Delivery as NSD 0.95 (0.67, 1.35) 0.789
Maximum BW loss
percentage (%)*
1.10(1.02, 1.18) 0.013
BBWZ birth body weight; BWZ body weight; GAZ gestational
age; NSD Z normal spontaneous delivery.
*p < 0.05.excessive weight loss during the first postpartum days and
may be associated with high serum bilirubin levels.15,16 In
this study and our previous reports, we have confirmed
a strong association between weight loss and neonatal
hyperbilirubinemia.4,10
Reduced calorie intake, rather than mere dehydration, is
a possible cause of breastfeeding-related jaundice.5,8,9
Because breast milk is the best food for infants, the first
remedy should be increased nursing frequency. However,
maternal or neonatal factors may not permit this. Supple-
mentary feeding with human milk or infant formula can
prevent severe weight loss that leads to hyperbilirubinemia.
To avoid overuse of infant formula, which may interfere
with nursing, empirical data are needed regarding the
indications for supplementary feeding. To the best of our
knowledge, this is the first study to have investigated the
optimal BW loss percentage cut-off value at 2 and 3 days
of age to predict subsequent neonatal hyperbilirubinemia.
In previous reports, severe weight loss stemming from
insufficient breastfeeding has been defined as 7% of BBW or
more.8,9,13 In our nursery, supplementary feeding was done
for breastfed neonates with weight loss >10% of BBW,in subgroups divided by different BW loss percentage for
3-day-old breastfed neonates.
BW loss
percentage
Incidence of
hyperbilirubinemia
(below vs. above)
Odds ratio
(95% CI)
p
4% 14.7% vs. 24.7% 1.90 (0.73, 4.98) 0.191
5% 16.5% vs. 25.1% 1.70 (0.92, 3.16) 0.092
6%* 16.4% vs. 25.7% 1.77 (1.07, 2.91) 0.025
7%* 15.4% vs. 27.6% 2.10 (1.39, 3.15) <0.001
8%* 19.2% vs. 28.4% 1.67 (1.20, 2.33) 0.002
9%* 20.8% vs. 30.3% 1.66 (1.20, 2.30) 0.002
10%* 22.3% vs. 32.9% 1.71 (1.16, 2.51) 0.007
11%* 23.2% vs. 37.7% 2.01 (1.16, 3.46) 0.012
12% 24.1% vs. 28.6% 1.26 (0.48, 3.28) 0.641
BW Z body weight.
*p < 0.05.
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breastfeeding. However, these criteria are not empirical.
The present study suggests that weight loss >8% of
BBW after 48 hours (OR Z 1.45; 95% CI Z 1.06, 1.97) and
>11% of BBW after 72 hours (OR Z 2.01; 95% CI Z 1.16,
3.46) are the best cut-off values for prediction of subse-
quent hyperbilirubinemia; NPVs were 77.7% and 76.8%,
respectively.
In conclusion, this study illustrates the relationship
between weight loss percentage and subsequent hyper-
bilirubinemia incidence, which can be used for the deter-
mination of the optimal cut-off value for supplementary
feeding. Supplementary feeding should use the infant’s
mother’s own milk or the milk from the human milk bank
first, and use infant formula if human milk is not available.
Similar to the criteria for phototherapy for neonatal
hyperbilirubinemia, the best cut-off value may vary by race
or country.References
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